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Toe relative transition probasbilities of bands in the spectra of
only a few diatomic molecules are known. Since such data ere rsguired, vefore
stellar astmospheric temperatures nay be derived from studies of the intensities
of molecular bands in stellar spectra, it is worth while to attempt a system-
atic study of the intensities of bands in the spectrs of as many molecules
of astrophysical interest as possible. This may be done most conveniently in
the laboratorry, using as a source of radiation an electric furnsce of the
carbon-resistance-tube type. 1n view cf the fact that the photographic plate
introduces nusercus uncertainties into the determinaticn of the intensities
of e spaciral features, greater photometric accuracy can be obtained if the
spectrn can be scanned photczlectrically. Using mndern technigues, an elsc-
tronic system involving photoelectric ¢41il, amplifier, and stripchart recorder
can be designed to be strictly linear uver the entire useful range of inci-
dent intensities. The sensitivities of photoelectric cells are functions of
the vavelength of the incident light, but calibration may be readily made,
ueing a source of known spectral intensity distribution. Under given opera-

ting conditions, this calibration changes either very slightly with time or
not at all.

One difficulty connected with the use of photoelectric techniques
is that the intensity can be measured at only one wavelength at a time. Thus,
during a particular traversal of the spectral region of interest, both the
temperature and partial pressure of the molecules in the furnace met be kept
constant. After egquilibrium conditions have been reached, the temperature
in the furnacez is quite constant with time, but nevertheless slow changes of
the intensity of a particular feature are found. Apparently this is caused by
\ change in the total number of molecules in the emitting column. Cortrections
for this change can be applied by scanning the spectrum a number of times
in succession, &nd then plotting the intensity of a representative point in the
spectrum as a function of time. It is founld that shape of the resulting curve
is, in gereral, incependent of the particuilar representative point chosen.
Thus the curve may be used as a correction curve, and the results of successive

traversals of the spectriam may be combined to form a single mean intensity
record.

Varicus features in a band may be ugsed to obtsin the relative inten-
sities, I+ v, depending upon the pariicular situaticn, and the degree of
accuracy refuired. A fev of these methods are listed below:

(1) The peax intensities st the band heads way be used, if it can
be showm that all the bunds have the same structwe, i.e., the lines in each

bend contributing to the peak intensity lie within the eame range of rotationsl
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quantum number, J, and, furthermcre, the relative orientations and separa-
tions of these lines are the same for esch band. The method is accurate if
these conditions are fulfilled exactly, and the bands are unblended so that
the true location of the background continuum at each head is knowm. The
me<hod 1s spproximete to the degree that these conditions are not fulfilled.

(2) The totali amount of radiation emitted in a band, integrating
over all vavelengths, provides the most accurate measure of its strength, if
it {8 completely unblended with any other spectral feature. In many cases
the bands of a system fall into close sequences, with the “tails"” of each
band being blended with following bands of the sequence (see e.g., fig. 3).

In these cages the method may still be used, provided the rotational constants
are known, since in that case ve may resdily compute the contour that each
band would have exhibited i1f it had been unblended. In this way one may
determine the contributions of each band to the intensity in such a blend,
unless, of course, bands overlap completely.

(3) 1If the bands can be observed in absorption, with high enough
resoiution to completely resolve the individual rotationel lines, then ihe
relative transition probadilities of two bands will be equal to the ratio
of the combined intensities of all lines in one band arising from & common
initial state, to the combined intensities of those lines of the other band
arising from the same iower state. This ratio wiii be independent of the
numbher of molecules in the common lower state, provided all lines are weak.
Otherwise, there will not b2 a strict proportionality between the numbier of
molecules making the transition, and the integrated absorption in the corre-

sponding line.

Once the relative intensities of the bands in a system have been
found, the relative transition probabilities may be computed immediately,

since:
h("‘l' 2) . Lo 2 (1)

TRol

{.n this equation, subscripts 1 and 2 refer to any two bands of & system,

are the frequancies of their respective bend origins; iRI2 1s the
tl‘anlitign probability,[C.(1) -G, (2)]) 1s the difference of vibrational
energy of the respective nitm; states. This equation is valid for an
emission spectrum. In absorption, the frequencies 9, are taken to the first
pover. Numerous investigations have found thet conditions close to thermo-
dynamic equilibrium may be produced inside an electric furnace, if a partial
pressure »f == inert gas in introduced, sc that collisions batween molecules
are frequent. Thus the Boltzmann exponential expression may Lte used to
compute the relative populations in the various initiel vibrational levels.

I
1

It had been proposed that four of the following six molecules be
chosen for atudy: CaH, CH, 610, YO, VO, and Mg0. A survey showed that
vhile 1t was possible to produce CH, the furnmce temperature required vas
soc high that the grsophite heating tubes only lasted a very few minutes; not
long enough for careful photometry to be completed. 3i0 proved to have its
principal bands too far in the ultraviolet to be reached by the photoelectric
cell emplcyed (1P21). The other four molecuies (CaH, YO, VO and Mg0) exhib-
fited none of these difficulties, and hence were chosen for study.
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I1. Equipuent

As mentioned in the introducticn, the source of radiation was a
cart:on-resistance-tube electric furnace of the King t . The particular
installation employed has been described elsewhere-[l The spectrum was
produced by a three meter concave grating .pectrogreph vith Eagie type
mounting. The dispersion wvas 5 angstroms per miiliimeter in the first order.
The optical system was designed to admit, to the spectirograph, ouly redia-
tion from the gas in the furnace, and to exclude radiation from the walls
of the heated graphite tube. This wae accomplished by the use of a quartz
lens between the furnece and spectrograph, of such a focal length, and in
such a position, that the far end of the heater tube was imaged on the
8lit, magnified about three times. Imaging the far end of the tube on the
8lit ensured that the light from all other points in the tube would be out
of focus on the plane of the slit, and ocutside a circular zone defined by
this image. A diaphragm at the slit then readily shielded the slit from
radiaticn from the walls of the tube. Since a strong asphericel adberration
vas present in the particular lens employed, it vas necessary to limit the
aperture, by means of a second diaphragm about 18 inches in front of the
furnace. A field lens was employed at the 811t to increase the size of the
bear at the grating. The receiver ccnsisted of two purts: (1) a mechanical
spectrum scanner and (2) an elactronic amplifier and recorder. Each of
these parts will be deacribved in turn.

a. The spectirum scanner: 7This is iliustrated in Figure 1. It
consists of a csrriage travelling on & curved treck, which is concentric
vwith the Rovlsnd circle of the spectrogreph. The carrisge is pulled by a
rectengular bleck, vwhich siides on the flattened top of the thread of a
iong screw. A split nut fastenad 4c the blcock engeges the thresd of the
screw. The carriage is connected to the Yiock by an arm, pivoted at the
carriage. The arm slides in ways on the block, the direction of motion
of the arm being perpendicular to the certre-line of thz screw. The screw
is turned by a synchronous motor through a reduction gear train. Change
gears meke possible a series of scaaning rates, from 0.67 to 84.65 angstroms
per minute.

The scanner carriage, in turn, supports a box-shaped probe, which
carries the adjustable scanning slit at one end, and the photocell housing
at the other. The probe is fastened to the carriage by means of a pivot
conzentric with the centre-line of the slit, which is held accurately on
the focal plane of the spectrograph. The plate holder, on which the scanner
is mounted, permits a travel of such a length that 2,000 angstroms of
spectrum may be scanned at eny particular spectrogreph setting.

A complication is jintroduced in the deaign of the scanner, by the
requirement that the axis of the probe be centered on the grating for all
vavelengths. This requires an appreciahle change in the orientation of the
probe, relative to the carriage, as it is driven along the spectrum. An
o>bvicus vay in which this movement of the probe couid be acccmplished would
be to let an arm on the probe move along an appropriately shaped cam. The
methcd that was finally adopted, however, is quite a bit neater, and is
accurate encugh for all practical purpcses. It was plann=4 to use the
spectrograph primarily in the first order, in wvhich case the grating is close
to being acruss a diameter of the Rowland circle from the scanner probe.
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Thus the change in direction of the prcbe's axis is close to being half the
change in direction of the normal to the carrisge as it wmoves along the
spectrum. A simple linkage system is therefore all that is required o move
the probe relative to the carriage. It is illustrated schematically in
Pigure 2. In the figure, point A represents the centre-line of the perpen-
dicular slit, in the focal plane of the spectrograph. The probe pivots
about this point. B 1s the point at which the carriage is pivoted to the
arm vhich connects 1t to the block. As mentioned above, the arm slides in
ways on the block. RNow, if a pin is rfastened to the arm at point C, such
that the distance C—+ B is equal to the distance A—+ B, then points A, B
and C form an iscsceles triangle and angle {/ will be half the angle O

for all positions cf the carriage. Pin C slides in a s8lol in a sector
plate, vhich is also pivoted at A. The probe is locked to the sector

by 8 sz3ing clis w0 42t angle is constant for a given spectrograph
satting, but xoy *-: chrrages if the setting is changed.

b. lifier and Recorder: The amplifier vas built according
to 2 design kindly furnished by “Dr. Harold L. Johnson, ncw of the Lowell
Observatory. Wwhile it was designed primerily for application to astronomical
photometry, it has performed very satisfactorily as a laboratory instrument.
It consisis essentially of two rarts: (1) a contact-modulated a.c. ampli-
fier, (2) a d.c. power amplifier, which couples the a.c. amplifier to a
Brgwn "Electronix’ Ririp Chaxt Recorder. While the amplifier was built
to accept the cutput of various types of receiver (photomultipiiers,
pnotoelectric cells, photoconductive cells, and thermccoupies) in ilns present
application oaly a 1P21 pbotomuitiplier cell has been usei. The volitages
on the various stages of the photocmultipliers are provided vy & radio-
frajusncy oscillator. The voltage drop per stage could be varied from
75 0 135 volts. All the records used in study were made with 75 volts
per stage.

No departure from linearity was obeerved over the useful ampli-
fication range of the amplifier. The linearity of the entire receiver,
photocell nlus smplifier plus recorder, was checked by observing the change,
with tesperature,of the intensity of the head of the (0-O) band of the
S8wvan system of C2 using the electric furnace as the source. The Swan
system always appears vhenever a carbon tube is heated above 2200°C.
Previous investigations Ll] have shown that one obtains a straight line,
if one plots 1/T against a complicated expression which includes, among
other quantities, the logarithm of the bsnd intensity. The observation
with photoelectric receiver also led to a straight line, over a range of
intensity of 1:230.

It wvas necessary {0 determine the relative sensitivity of the
apperatus as a function of wavelength. This was accomplished most conven-
iently by the furnace i*self. A 80lid graphite piug was inserted into
the heater tube, midvay dowr 1ts length. About three inches from the plug
a baffle was introduced. Radiation from the cavity thus formed was sllowed
to pass through a small hole about 1/8 inch in diameter in the beffle. The
furnace thus became a good black body, and the radiation from the hole in
the baffle could be considered to have an intensity distribution given by
the Planck radiation law.

The advantage to be gained by using the furmace as its own
calibrating device is that the effects of scattering and absorption of

s A PN 0. A
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light in the optical system and spectrograph could be taken into account
iwacdiately. When the continuum produced by the black body was scanned,
the spectrograph and optical system was in th2 same adjustment az it was
later in scanning the molecular spectra. A weve.lacgth scale was intro-
duced into the continuum by interposing a mercury arc lamp into the opti-
cal path at appropriate times. The response curve of the photocell, as a
function o7 wavelength, could then be correlated with the emitted intensity
toc give the cover-all relative sensitivity curve of the apparatus.

Incidentally, it was found that the intensify of the black body
continuum wvas at least ten times as great a8 the maximum intensities re-
corded for the molecular spectra at the same temperature and wavelengti:.
Hence there was little likelihood that effects of self-absorption would
rause errors in the final results.

ITI. The (hservations and Results

a. y_g

The spectrum of vanadium oxide was produced by the decomposition
of V,0g povder in the furnace. The reduction of the pentoxide proved to
e t00 complete if itwme introduczd directly into the graphite tube.

The VO bands appeared weakly, and were scon replaced by emission lines of
atomic vanadium. After some experimentation, 1t was found that & sirong
VU specirum could be made to persist for over an hour with little reduction
in intensity if the gas was shielded from the tube by a lining of tantalum
foil and the powda, placed in a tungsten boat. The rejuired partial re-
duction of the pentoxide wae accomplished by mixing the powder with equal
amounts of powdered graphite, by molecular weight. The furnace was evac-
uated and 10 cms of argon intrcduced to reduce diffusion of VO moleculea
from tho ends of the heated section. The VO spectrum was strong at a
temperature of 1950°C. At higher temperatures the powder evaporated too
rapidly. Several traversals were made in succession, covering the spec-
tral region from 6150 A to 4950 A. The scanning rate was 84,66 per minute,
vith both slits 0.5 millimeters wide. With these wide slits the rotational
structure of the bands did not appear on thc records.

Slight changes in the intensity of the same feature on succes-
sive traversals indicated that there were changes in the number of emitting
molecules with time. The method descrited in the introduction was used to
correct for these changes. After further ccrrecting for changes of the
sensitivity of the apparetus with wavelength, the results ~f the succes-
sive traversals were combined into a single intensity curve.

8is: The spectrum of VO consists of a single system
tentatively identified as being produced by a (2, -2 A\ ) transition.
The bands fall in & series of cioee sequences. The AV =+ 2 sequence is
{llustrated in Pigure 3. The observed intensities in three successive
traversals of the sequence are plotted in the figure.

The relative intensities cf the individual bands were determined
by computing thie contribution that cach band made to the intensity of its
respective sequence. Since the rotational constants, B,, appropriate to
cach band were known, it wan possible to compute the profile of each band
to be expected, at the observed temperature of the furnace, if it had been
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unblended with any other band. This computation followed standard pro-
cedures, 8o that i¢ is not necessary to describe it in deteil here.

One simplification that was introduced was the neglect of the influence
of the finite slit vidths. Thic was permissible, since only the tail or
each band wvas blended with higher members of its sequence, and the slope
of the band profile changes 8o slowly in the tail, that the effect of
reduced spectral purity, introduced by the wide slits, would be very low.
In the region of the heal, this simplification introduces errcxs, and 1s
responsible for the departure of the computed profils (dotted lines) from
the obscrved profile. Of course, in determining the intensities, the Cu-
served profiles were fcllowed in the neighborhoods of the heads.

The contribution of each band to the intensity of its sequence
could then be determined immediately; etarting with the firsi bvand of the
sequence, the computed tail was grafted into that part of its profile
that was unblended with any other band. The tail couid then be grafted
onto the next bvand, and sc on. The integrated areas on the graph, as de-
termined by & planimeter, were then proportional to the relative emissions
in the corresponding bands, and could bte introduced into equation (1).

The results are listed below. All transition probabilities were determined
relative to the transition probatility of the (0-O} band.

Band \ {hesd) Rel. Trans. Prob.
v' ,V"

0-1 6087.1 A 1.205
1-2 6139.6 0.249
0-0 5736.7 1.000
1-1 5786.3 o
2-2 5837.7 0.605
1-0 5469.2 1.048
2-1 5517.8 0.256
2-0 5228.3 0.72L
3-1 5275.7 C.67h
L-2 5324.2 0.215
3-0 5010.6 0.287
b-1 5056.8 0.hs52
5-2 5104 .2 0.3u2

o it
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It was not passible to crenute provable €ITCrs, since the singie
mean intensity curve was ussd 1n the analysis. Tbe general agreement of the
results of successive traversals of the spectrum, as illustrated in Figure 3,
is fairly aocd, so that accidental errors may be expected i be low. As
far as syatematic errors are concerned, the greatest pussidle scurce of
srror lies in the deteimination of the spectral secsitivity curve of the
spparatus, i.e., in departures of the radiastion from the furnace from a
true black-body distribution. Such departures are believed to be small,
but shortage of time 4diS not permit an exhaustive study of thie poilnt.

The (1-1) band at 5786.3 A presents an anomaly. On all tracings,
it vas eithsar e weak oe to be barely detectable, or cumpletely absent.
Its weakiess 18 provably associated with the fact that the relative transi-
tion probability of the {0-0) band is lower thar the probabilities of either
the (1-0) or the (0-1) bands. It may be a consequence of the manner in
uhich the wave functiona of the corresponding upper and lower vibrational
states overlap.

b. CaH:

The spectm"ofr_cgl vas produced in absorpiion, using & wmethod
described by (rundetrom _2_|. The graphite heating tube was lined with a
porcelain tube, and metellic calcium melted in the porcelain tube, in an
atmosphere of hydrogen at LOO mm. pressure. The porcelain tube prevented
the formation of caleium carbide. A tungsten ribbon filament lamp produced
the continuum. At s temperature of 1 ., prominent absorption features
vere the (0-0) bands of the (AT .X2% ) and (B2 %-X2% ) systems, with
band origins at 6G08 - LGA and 6346 A, respectively. In the foll-~ing these
bands are called "A" and "B” respectively. Other bands of tkese systems
vere found to be too weak for study, 80 vwe were limited to these two dands.
Siit widths were 0.15 mm. which gave individual rotetionel lines a triangular
profile, with base width of 1.5 A. This was sufficient to completely re-
solve tne -~otational structures in all regions but the heads.

The determination of the relative transiiion probability of bands
A and B was simplified by the fortunate circumstance that the lines,
P;(18) and P5(18), of band A coincided almost exactly. Their respective
wavelengths are 6991.0A and 6591.8A, according to the measurements of
Rulthén (3). Purthermore, the lines Ry(19) and Rp(1l7) of band B at
6255.7A and 6259.6A also coincide almost exactly. The figures in parenthe-
ses are the X-values of the corresponding rotational levels in the lower
state. Mow the combined absarption of lines R, (19} plus Ry(17) of vand B
vill be very close to being equal to the combined absorption of R1(18)
plus RA(18) , and mny, to a sufficlently good degree of accuracy,
be tuken as & mecsure of the combined aksorption of these latter two lines.
Thus ve have the situation illustrated ‘n Figure 4. 1In band A, two R lines
and tvo Q lines arise from the K" = 15 state in eaddition to the observed
Plines. These eadditional lines are too badly blended to be measured indi-
vidually. However, their intensities may be readily computed from theo-
retical considerationsi_ 4], 8imilarly, one may compute the strengths of the
unobserved lines P,{i8) and P,(18), which also arise from the K" » 18 level
in the b band. Thus, from the observed abscrptions in the tve blends that
could ve observed, one can compute the relative numbers of molecules in the
tvo bands which make transitions from the K" = 18 level, {.e., one can
compute the relative transition probability.
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it one nov considers the transmission of radiation througli an
absorption tube at the frequency, V, corresponding to the centre of an
absorption line, the following equation holds for the residual iutensity,
19, of the radiation, after an incident beem of intensity I, , bas suffered
apsorption by N molecules: )

I‘.IQOe

R 45 the number of molecules making the corresponding absorption transition,
not the total number of molecules in the tube. Tihe Gquantity X is the ab-
sorption coefficient per molecule at the frequency Vv; it may be considered
to be the seme for all rotational lines. Solving for N:

My

Ne.l 10g Iy

k“v‘ I"o

Since wide slits are used, the observed residual central intensities will
not be equal to the truc residual central intensities, but, in view of

the fact that the two blends of interest were comparable in intensity,

and were both quite weak, the errors made in each case will be approximately
the same, so that one might write:

R ar

Where N, 18 the number of molecules producing_the blend [P_(18) + Po(18)tof
tand A and Ny, the number producing the blend R, (18)+ Rp(1B)])of band B.
When the relative intensities of all lines in the two bands which arise
from the level K" = 18 are computed, it is found that:

Rel. Trans. Prcb. = Frcb. A -38 N

Prob. B 17 NB

Measurements were made on four successive tracings of the twe
bands, observed alternately. The strengths of the absorption lines de-
creased to 1/3 their initial amount by the end of the run, which took almost
3 hours. Corrections were applied, for this change in population, by
compering the intensities of representative absorption features on succes-
sive records, and irawing interpclation curves. No systematic change in
the relative transition probability as a function of line strength was
otscrved, which indicated that the effect of wide slits ~ould be neglected.
The combination of all mecasurements led to the result:

Rel. Trans. Prob: (A/B)z 3.74t0.08

c. MgO:

After considerasble experimentation, the following conditions were
found to be favorable for the producticn of a stable population of Mg0
molecules in the furnace. A sample of te purest MgO povder available
wvas sintzied in the form of a cylindrical tube that fit fairly closely into
the graphite heater tube. This MgO tube was then split along a diameter
and a plece about 3/4 cof an inch long was inserted, concave side up, into
a heater tube that had been completely lined with a double layer of metellic
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foil. The outer layer, next Tc the graphite, was of tantalum foil, and
the inner of tungsten. The lining preventea the reducticn of the oxide
by tha carbon. The purpose of the sintering s tc prevent a troublescee
fuming that took place when MgO p-wder was heated. 3Solid particles were
carried into the optical path end disturbed the records. The MgO was
heated in an argon atmosphere at 15 cms. pressure.

. The main seguence, at 5007 A, of the green svstem of 0
(1i ”3) appeared when the temperature vas raised above 2200°C. The bands

increased in intensitly very rapidly with temmerature. An upper limit to the

useful temperaturs range wat set at about 2400CC.; at this temperature the
Mg0 evaporated so rapidly that only short runs could be made. Other bends
of che green system were_ looked for, but vere not found, nor were bands

of the red system {5.- 2JT). Emissions were observed in the region of
the ultra-violet systom, tut they could not be positively identified as
Mg0 bands; somc coincidences with published wavelengths of heads were
observed, but the system is so compliex, with bands degrasding in either
dircction, trat further work is required before definite identificaticn

can be made. Hence the study was limited to the main sequence of the green
system.

Onec dAifficulty that reduced the accuracy of the photometry ¢f the
green sequence was the persistent presence of the 5211 A bands of MgH.
The tails of these bands extended through the spectral region covered by
the MgO bands, and made it difficult to determine the locetion of the con-
tinuum. All attempis to eliminate the MgH bands falled. Apparently a
sinute trace of nydrogen is all that is required to produce the bands.
The careful elimination of all water from the sintered MgO and argon re-
duced the intensity of MgH, but did not eliminate it. One suggestion that
hag been made, is that traces of hydrogen may be trapped in the carbon
from vhich the heater tubes are manufactured.

Several traces of t.oe g-een sequence were made at each of geverel
temperatures, ranging from 2210°C. to 23259C. Slit widths were C.5 mm.
The traces at 2325°C. were chosen for study in detail, because the bands
vere strong 2t that temperature, and successive tracse indicated that
conditions were the most stable. The combined profile, after correcting
for receiver sensitivity, is shovn in Figure 5. Observed points on vwi
successive records are indicated by different symbols. The ccntinuous
line represents the best mean intensity profile.

As can be seen in Figure 5, successive heads in the sequence are
clcse togethe:, having an average separation of about 11 A. Thue, in order
to determine the contribution of each band to the integrated iniensity
profile, it was necessary to compute, from theory, te expected contour
of each bend in detail, including the region of the head. In this compu-
tation it wvas assumed that each rotational line would exhibit a triangular
profile, with base S A wide. The resultant contours of rclativc intensity
versus distance from the band origins, in angstrom units, are shown in
Figure 6. They were computed for a temperature of 2623°K, which it the
obaerved pyrcmcter recading corrected for window absorption. The change in
the contours, especially of the successive P heads, is produced by the
difference in the rotaticpal constants of successive bands.
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The fitting of the successive band contours cnto the obhserved
protile ¢f the sequence proceeded by trial and error. Since, as menticned
above, the presence of MgH emission wade the determination of tre dack-
ground intensity quite uncertain, the fit with the observed profiles of
the successive heuds wos taken as the criterion of agreement, and the
intensity of the background was adjusted to make that fit as good as possible.
The dotted lines in Figure 6 indicate the way in vhich the intensity of the
sequence vas finally divided up among the successive bands. The respective
areas vere then plsnimetered, and equation (1) wes used to determine the
relative transiticn probabilities. The pertinent data and final results
are presented in the folicwing table:

"

A

Band o (air) Rei?::ve Relat;:gbzzzgzi;ion
(0-0) 4997.7A 1.212 1.000

(1-1) 4087.6 0.789 1.010

(2-2) L977.7 0.518 1.023

(3-3) L967 .4 0.260 0.788

(4-4) 4957.0 0.138 0.638

Cne feature of the results that is difficult to understand, is
+he fact that the (1-1) and (2-2) bands have successively greater transi-
tion probabilitics than the (0-0) band. This may be a consequence of the
uncertainty in the intensity of the background&. It ie, indeed, possible
for higher wembers of the main sequencc to have greater transition prota-
bilities than the (0-0) band, but in those cases, it is due to the fact
that the equilibrium intercuclear distances of the two electronic states
are quite different; also, in those cases, additional off-diagonal se-
quences are observed which may be equal in intensity to the main sequence.
Theese additional sequences are not observed in the furnace records of MgQ.
Thercfore, in view of this ancmaly, the foregoirg results must be consid-
ered provisional. More conclusive data mist await the careful study of
the intensity distribution in the MgH bands.

a. YO:

The spectrum of YO was produced with good intensity in emission
vhen a 1l:1 mixture, by molecular weight, of Y 0, powder and powdered
graphite, was placed in a tungsten beat and heaéed tc 2250°C. in a tube
that had becen lined with tantalum foil. At that temperatur:e the spectrum
persisted for severa% hours with no pronounced change in intensity. Bands
of both the orange (17-2 %) and blue-green (2 £-2 %) gystems were ob-
served. In the case of the orange system, the doublet Q branches of bands
of the main sequence were streong. 'fhese formed two fairly close sub-
sequences of heads, beginning with the Q heads of the (0-0) band at 5972.2 A,
and 6132.1 A, respectively. These sz2quencesn vere quite free of blends with
atcmic lines. The sequence at £132.A is illustrated in Figure 7, The R
heads of the maln sequenc=, and heads of tands in off-diagonal sequences,
vere either so veak that positive fdentification was impossibie,
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or were too badly blended with atcmic emission lines. This is interesting
in viev of the fact that their intensities on arc plates are reported to
be quite high | 6] It sheds some doubt on the correctness of the currently
accepted analysis.

As far as the blue-green system is concerned, only the (0-0) dand
at 4817.4 A could be positively identified. Other weaker bands were prob-
adly present, but the pressence of great numbers of strong atomic lines through-
out the blue-green region of the spectrum made positive identification im-
poesible, and even made it impoaaible t1 be certain of the profile of the
(0-0) band; hence, no qnantitative meesure of its intensity could be made.
Thus the study wvas limited to the observeed features of the orange system.

If the spalysis of the orange system is correct, then the relative
transition probabilities of the bands of the main sequence of the system
could be derived from a determination of - vrelative intensities of the
Q vranches in either the 5572.2 A or the . 2.1 A suhgeguences. The latter
sequence wvas chosen for study, because i{ appeared to be less affected by
irregularities, produced, presumably, by atomic lines.

Since no rotational analysis of the YO spectrum has, as yet, been
carried out, it was nct possible to compute profiles o the Q branches.
Instead, the agssumption had to be made that the relative intensities of the
successive Q branches were proportional to tbe relative intessities of their
heads. It is probable that this assumption is not too bad. It was pointed
out in the Ilntroduction, that the relative intensities of band heads may
be used, if it can be shown that all bands s0 treated have the same struc-
ture. This will be essentially the case, for bands in & narrow wavelength
interval, if the separation of head and origin, in wave number units, is the
same for all bands. Now, this sepsration depends upon the rotaticnal
constants, according to the equation:

e I (B'w"v)?-
e @)

where B', and B", are the rotational constants of the upper and lower vi-
brational levels, respectively. BSince, in gereral, B'y &and D “"" dao ﬁv3
differ rery much, it is evident that changes in the interval ( )

as one goes from one band to the next in the sequence, will depena pri-
marily upon changes in the denominator, (B'y, -B",). Now, the rotational
constant:z are unknown but one may make use of the empirical fact that
trhere 12 an approximate propcrtionality between the rotational constants
and the corresponding vidbratiornni quanta for all bands pertaining to a par.
ticular molroule, f.e.:

G s
ByoL(A% 4} oW, - X, - X, V)

The proportionality constant is usually of the order 1:1000. Thus:
(B';.- _an)d::(we. -wev xec) _(wen _wen Xe")‘
(2 X'V e X V)

and changes in (B', -B"y) with increasing V' and V" will be proportional

to changes in the laat term. Since W.'X,' is 2.80 cm -1, and W." X" 18

s A i




—

T AR I PN 9 TS Wy P P

o e e L

~ 4

wld

S PR A S

T

-10-

2.4%53 e, changes in this term will be small. Thus it might ve expected
that the structures of the successive Q branches in the subsequences will
not be very different.

The principle source of uncertainty in the measurement of the re-
lative intensities of the Q heads, lies in the determination of the inten-
sities of the corresponding vackgrounds. The best that could be dcne, was
to assume that the intensity profiles immediately in front of the successive
heads could be extrapoleted lirearly, as is shown by the dctted lines in

Piouwre 7.
igure |

The measured intensities, relative to that of the (0-0) band,
in eight successive traversals of the sequence were combined, after correct-
ing for the sensitivity of the receiver. The results as listed below, to-
gether with the resulting relative transition probabllities, computed accord-

ing to equation (1). The temperatures, corrected for the window absorption,
vas 25k0OK.

Band \ of Qo head Relative Intensity Relative Transition
of Q; hend Prcobability

(0-0) 6132.1 A 100.0 1.00

(1-1) 6143.4 60.6 1.0T+ 0.03
(2-2) 6165.1 39.7 1.21+ 0.05
(3-3) 6182.3 26.7 1.bo £+ 0.08
(L-4) 6139.9 15.9 1.L0 + 0.09
(5-5) 6218.0 8.7 1.36 X 0.09

Here, Jjust as in the case of the Mg0 tands, the resulting re-
lative transition probabilities increase with increasing vibrational quen-
tum number. The results must, therefore, again be acceptied with reserva-
tions, for the same reasons. The uncertsintiee in the respective back-
grounds introduce large systematic uncertainties in the results. The prob-
able errcrs qucted above merely represent the accidental errors, and do
nct include possible systematic errcrs. A more definite determination of
the relative transition probabilities must await a rctational analysis of
the YO spectrum.
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